(ROS) 1) . ROS are induced by endogenous oxygen metabolism in cells and by various environmental pollutants, which damage cellular macromolecules such as DNA, RNA and protein 2) . Hazardous substances such as polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs), mercury vapors and other silicates have been demonstrated to involve the production of plasma malondialdehyde (MDA) 3, 4) , which is one of the products of lipid peroxidation 5) . Therefore, exposure to those hazardous substances may elicit ROS. As a result, oxidative stress may arise from unbalance in production and detoxification of ROS in the body 5) . Furthermore, oxidative stress may involve in the genetic changes associated with the initiation, promotion and progress of carcinogenesis 6) , and it has been implicated in the pathogenesis of certain diseases, including lung cancers, skin and breast cancers 5, [7] [8] [9] . However, the cells protect themselves to avoid oxidative damage by anti-oxidative detoxification mechanisms, which reduce ROS concentrations in the body; the overproduction of ROS is thus controlled 5) . The antioxidative system includes non-enzymatic antioxidants such as glutathione (GSH), vitamins A, C and E; various anti-oxidative enzymes, such as superoxide dismutase (SOD) are utilized to defend against free radical attack 3) . Nevertheless, some factors 10) may play important roles on the balance of the oxidative and anti-oxidative system. Mizushima et al. found that urinary 8-OH-dG/creatinine levels were higher in smokers than in non-smokers 10) . Nia 11) found that age significantly affects lymphocytic 7,8-dihydro-8-oxo-2'-deoxyguanosine (8-oxo-dG, 8-OHdG) levels after adjustment for gender and smoking status. The supplement intake of vitamins C and E is also reported to protect against oxidative damage [12] [13] [14] [15] . These findings indicate that the intake of antioxidants, smoking, age and exposure to environmental pollutants like PCDD/Fs and silica may be complexly implicated to DNA damage or lipid peroxidation.
Since secondary metal recovery industries are major emission sources of PCDD/Fs, which have been shown to possibly related reactive oxygen species (ROS) 24) . And it is notable that there have been few reports accounts for oxidative damage in secondary metal recovery industries. This study, therefore, aims to investigate how the life style factors such as age, smoking and alcohol status, the intake of antioxidants and occupational exposure to PCDD/Fs affect the makers of oxidative DNA damage (8-OH-dG, DNA strand breakage) and lipid peroxidation (MDA) in secondary metal recovery workers.
Materials and Methods

Subjects
Thirty-two workers were recruited from a secondary copper smelting plant and 41 were recruited from a zinc recovery plant in Taiwan (mean age: 37.4, range 23-65 yr old). The control subjects which is comprised of 16 male healthy volunteers and they didn't work in similar occupational environment, were matched by age (mean age: 33.8, range 26-49) for 8-OH-dG comparison. All participants were grouped into production and managerial workers, and the formers were considered as "joining the smelting work". After the workers completed fast overnight and signed a consent form, blood samples of workers were collected into chemically clean tubes with anti-coagulants. Serum samples were obtained following the centrifugation of erythrocytes, which were analyzed within a week. Urine samples of workers were collected in polyethylene bottles from the first urination after the workers began work in the morning. They were kept at -85˚C until further analysis.
Urine 8-OH-dG analysis
Urinary 8-OH-dG levels were determined using a competitive ELISA immunoassay (Japan Institute for the Control of Aging, Shizuoka, Japan) 10) . Data were presented as 8-OH-dG (µg/g creatinine).
Blood comet assay
Comet assay was modified from the method of Singh et al. 16) . First, 150 µl 1% NMA (normal-melting point agarose) was applied to the first layer of the slide. 50 µl whole blood was mixed with 250 µl of 1% LMA (Low melting point agarose), and 130 µl of the mixture was applied to the second layer of the slide. After a third layer of 1% NMA (150 µl) was applied, the slides were immersed in cold lysing solution (2.5 M NaCl, 100 mM Na 2 EDTA, 10 mM Tris, 1% N-sodium lauroyl sarcosinate) for 1 h at 4˚C. The slides were then placed in an electrophoresis tank, allowing the DNA to unwind for 15 min in the alkaline solution (300 mM NaOH and 1 mM Na 2 EDTA). Electrophoresis was then performed at 300 mA for 20 min in the same alkaline solution at room temperature. The slides were then neutralized by adding 0.4 M Tris-HCl buffer (pH 7.5) and stained with ethidium bromide. The image of DNA strand breakage was visually analyzed using comet scores by the method of Collins et al. 17) . The tail moment (TMOM) was determined using Image Pro Plus software (Media Cybernetics, USA) according to the formula, TMOM = TDNA (DNA in tail as a % of total DNA) × TDx (tail length). The tail moment is considered to be one of the best indices of comet formation obtained in computerized analysis 18) .
Plasma MDA assay
A 0.25 ml blood sample taken from each worker was OXIDATIVE DAMAGE OF SECONDARY METAL RECOVERY WORKERS centrifuged at 1,000 × g for 10 min to obtain plasma, which was then stored in small aliquots at -85˚C until further analysis. The HPLC-based method with fluoresence detection (515 nm excitation, 555 nm emission) of plasma TBA-MDA was reported in an earlier report 19) . First, 0.25 ml of plasma was added to 1.5 ml of methanol/acetic acid (3:2 v/v) that contained 1% KI and 0.025 ml of 0.2% BHT (in 95% ethanol). After incubation at 60˚C for 30 min, the contents were mixed with 0.5 ml of 0.6% TBA in 0.02 N HCL and incubated at 95˚C for 30 min. After cooled to room temperature, the mixture was extracted using 1.5 ml of butanol and then analyzed by HPLC with fluorescence detection, using a C-18 reverse-phase column and eluted as described previously.
Interviewer-administered Questionnaire
Information of workers' age, smoking status, alcohol consumption, working period, job title, usage of protective equipment and others, and antioxidant intake were collected by personal interviews questionnaire.
The antioxidant intake of rice, vegetables, fruits, teas, and vitamin antioxidants were took into account. Data were collected in person for each food with consumption frequency and quantity. Food models, measuring cups and bowls were shown during the interview to facilitate the quantification of food intake.
Statistical analysis
The JMP 5.0 and Statistica (version 6.0, StatSoft, Inc.)
software package was used for data management and statistical analysis. Data are shown as the mean and standard deviation. The differences of oxidative damage and lipid peroxidative levels between the various age groups and smoking groups in secondary metal recovery workers were determined by Student's t-test. Multivariate regression analysis was also use to assess the associations between occupational exposure, smoking status and oxidative damages after adjustment for age and alcohol consumption.
Results
Effect of age, life style, and joining the smelting work on oxidative damage
Based on the measurements, Table 1 shows the distribution of oxidative DNA damage (8-OH-dG and DNA strand breakage) and MDA in 73 secondary metal recovery workers in different age groups, different smoking and alcohol status, and occupational exposure to PCDD/Fs, metals and others. The levels of 8-OH-dG and MDA in subjects over 35 yr old was significantly lower than those in subjects who were under 35 yr old (16.7 vs. 11.0 µg/g creatinine, and 2.8 vs. 2.0 µM). Additionally, the MDA level was significantly higher in workers who ever joined the smelting works than those worked elsewhere, but the differences in 8-OH-dG levels and DNA strand breakages were mutually inconsistent in these two kinds of workers. In contrast, the higher MDA level was found in workers with alcohol consumption habit than workers without alcohol habit. In non-alcohol drinkers, the MDA level in smoking workers was found to exceed significantly than that in non-smokers (3.6 vs. 2.1 µM) ( Table 2 ). However, alcohol consumption did not markedly influence the mean MDA level between smoking workers and nonsmokers. In smokers, no significant difference was observed between the MDA levels of workers in the production departments and the managerial departments (Table 3) . However, there is a significant difference found in nonsmokers. Thus, smoking habit might interfere in the effect of occupational exposure on the lipid peroxidation in heavy metal recovery workers. Table 4 showed the effects of smoking status on oxidative damage of the workers. It shows that the 8-OH-dG level, DNA strand breakage and MDA level of workers did not differ significantly between those who smoked more than 10 cigarettes per day and those who smoked fewer, or between those who had smoked for over 17 yr and those who had smoked for under 17 yr. In addition, a marginal significantly higher DNA strand breakage was found in workers smoked cigarettes below 20 cigarettes within 24 h ahead of blood sampling than those smoked over 20 cigarettes. The worker used to smoke classic cigarettes showed higher DNA strand breakage levels than those used light cigarettes (0.35 vs. 0.25). Table 5 presents the multivariate regression analysis between MDA levels, DNA strand breakage and interference factors including age, alcohol consumption, smoking status and occupational exposure of the secondary metal recovery workers. A significant negative relationship was found between DNA strand breakage and the number of cigarettes smoked within 24 h ahead of blood sampling (r= -0.026, p=0.036). For MDA analysis, the significant negative association between the MDA levels and alcohol consumption (r= -0.206, p=0.011). Moreover, a significant higher MDA levels was found for the production workers than those of managerial workers (p=0.040). Figure 1 plots the distribution of urinary 8-OH-dG levels in 73 occupationally exposed workers and 16 controls (13.2 µg/g creatinine and 10.8 µg/g creatinine, respectively). The data reveals a significant difference of the 8-OH-dG levels between these two groups. Moreover, the intake of antioxidants estimated from intervieweradministered questionnaires did not significantly affect 8-OH-dG, DNA strand breakage or MDA concentration (Fig. 2) .
Effect of smoking status on oxidative damage
Effect of intake of antioxidants on oxidative damage
Discussion
Effect of age on oxidative damage
Previous study by Lee et al. 20) demonstrated that 8-OH-dG levels and MDA level was positive correlated to age in the lung tissue of 115 patients. Others 21, 22) also reported a positive correlation between 8-OH-dG and age in healthy subjects. In this study, the average 8-OH-dG and MDA levels of the workers younger than 35 yr old significantly exceeded those over 35 yr old. It indicates that the oxidative DNA damage and lipid peroxidation declines as age increases which are in contrast with the findings mentioned above. However, Kasai et al. 23) reported a negative correlation between age and urinary 8-OH-dG levels in 318 healthy men in a steel-manufacturing company, and an insignificant correlation was also found in workers at municipal solid waste incinerators 24) . These inconsistent results may be interpreted that an association between age and oxidative damage seems to be affected by other factor such as occupational exposure. To address these concerns, we analyzed the working departments between younger workers and the older workers. The data presented the ratio of production workers in subjects under 35 yr old was marginally significant higher than those in subjects who were over 35 yr old (data not shown). The data indicated that average 8-OH-dG and MDA levels of younger workers significantly exceed than those of older workers might be due to the younger workers more engage in the job in which they handle more heavy metals and other hazardous than older workers.
Effects of smoking and alcohol status on oxidative damage
In the group of non alcohol-drinking workers of this study showed that the MDA levels of smokers significantly exceeded than those of non-smokers, and this difference was not observed in drinking workers. Our investigation also showed that working departments were in related to plasma MDA and DNA strand breakage levels of nonsmokers, however, the observation become negligible in smokers ( Table 3) . The above data reveals that not only the smoking habit, but also alcohol status involved in the lipid peroxidation and DNA damage of workers. The finding in non alcohol drinkers was consistent with the work of Lee et al. 20) , they reported that the average MDA level in the lung tissue of smokers significantly exceeded that in non-smokers. In our study, there is no significant correlation between the 8-OH-dG levels and age, smoking, alcohol status, and the occupational exposure of the workers. Yoshida and Ogawa et al. 24) also reported a negligible correlation between cigarette smoking and 8-OH-dG levels for workers at municipal solid waste incinerators (r= -0.16), as well as urinary 8-OH-dG levels in healthy volunteers 11) . Danadevi et al. 25) found that the mean DNA strand breakage in leucocytes differed significantly between smoking and nonsmoking Pb recovery workers, as well as in elevator manufacturing workers 26) . Kasai 23) found that 8-OH-dG level was significantly higher in smokers than in non-smokers. Meanwhile, we found that DNA strand breakage in workers who smoked classic cigarettes significantly exceeded that those smoked light cigarettes. Since cigarette smoke contains about 50 potent carcinogens, including poly-aromatic hydrogen carbons (PAHs), nicotine and other organic chemicals 27) , which may interfere with the production of ROS and the activity of free radicals during oxidative metabolism 1, 28) . Hence, the increase in DNA strand breakage by cigarette smoking is biologically plausible.
Effect of occupation on oxidative damage
In the smokers, the MDA level in workers of production departments exceeded those in managerial departments. However, the finding is inconsistent in the nonsmokers (Table 3 ). This result of the MDA level of nonsmokers is in contrast to the earlier finding that the lipid peroxidation in cement-exposed workers significantly exceeded those in the control group (non-smoking office workers) 3) . And, this study also indicated that the MDA level of workers joined the smelting work significantly exceeded those who did not (Table 1) . From Table 5 , the results seemed to suggest that occupational exposure was a stronger contributor to lipid peroxidation than smoking status in heavy metal recovery workers. Nia et al. 11) found that the levels of DNA strand breakage of smokers were lower than those of non-smokers and the result was similar with our finding. Additionally, Comet assay: TMOM (Tail moment) = TDNA (DNA in tail as a % of total DNA) × TDx (tail length), TMOM levels have adjusted with TMOM of control. Vitamin C intake was grouped based on the median level per day: 88.63 (mg) and vitamin E: 0.234 (mg α-TE). The bar charts were average levels of 8-OH-dG, DNA strand breakage, and MDA, and the line above the average were 1.96 standard error.
Palus et al. 29) identified a significantly higher level of damaged DNA in wood workers who either smoked (22.1%) or did not smoke cigarettes (20.8%) than in smokers (13.2%) and non-smokers (7.0%) from the control group. Wojewódzka et al. also found no adverse effect of smoking habit on DNA strand breakage 30) . The result might be attributed to the comet assay which assess the shorten DNA damage and repair system representing the damage of exposure by genetic environmental pollutants 31) . Moreover, the result could be associated with the occupational exposure to metal smelting with high temperature in our study. Since the occupational hazards such as PCDD/Fs, PAHs and heavy metals [32] [33] [34] [35] [36] was produced in smelting working areas, and the environmental monitoring of these hazards should be implemented in the future to prevent oxidative damage of workers.
Effect of antioxidant intake on oxidative damage
Vitamin C can protect DNA from oxidant-mediated damage 37) , and vitamin E can trap peroxyl radicals and effectively quench free radicals 38) . Reportedly, the supplementing of vitamins C and E can protect against oxidative damage [12] [13] [14] [15] . Although no significant differences were found between the 8-OH-dG levels, extent of DNA strand breakage and MDA concentrations for the groups who took high or low levels of the antioxidants, vitamins C and E in this study. Vitamins C and E still undoubtedly play an important role in oxidative defense system.
Conclusions
Based on the measurements of oxidative damage in workers of secondary metal recovery plants, we conclude the followings: 1. The levels of 8-OH-dG and MDA in older subjects were significantly lower than those in younger subjects. 2. Alcohol consumption might affect lipid peroxidation in secondary metal recovery workers. 3. The MDA level in production workers was significant higher than those in managerial departments after adjustment for age, alcohol status and smoking status. Moreover, joining the smelting work was a stronger contributor to lipid peroxidation than smoking status in heavy metal recovery workers. 4. Smoking habit was a significant contributor to the lipid peroxidation and DNA strand breakage, but the associations were affected by occupational exposure in heavy metal recovery workers. 5. No significant benefit was found for the antioxidants on oxidative damage in this study. Since the MDA level in production workers was significant higher than those in managerial departments, it is clear that this study has a meaningful role in obliging employers to make efforts on improving occupational environment or serving protective equipments to protect workers in secondary metal recovery factory in Taiwan.
